Smallholder commercialisation may be broadly defined as the situation where farmers of small individual and family farms have greater engagement with markets, either for inputs, outputs, or both. A key premise of commercialization as a development strategy is that markets provide increased incomes to households who are able to maximize the returns to land and labor through market opportunities, using earned income for household consumption in ways that are more efficient than subsistence production. This study assesses the characteristics of smallholder farmers in Ghana using tomato and pineapple production as a case study; analyses the relationship between commercialization and smallholder land holdings; assesses the determinants of commercialization of smallholder agriculture, as well as the benefits or otherwise of smallholder farmers from commercialization; and discusses how commercialization affects household food security among smallholder farmers. Descriptive statistics, correlations and regression analysis are used to describe the characteristics of smallholder farmers and determine the key factors that influence household decision to undertake commercialization among both tomato and pineapple farmers. Based on the study, it was found that 96.3 percent of the respondents in the study communities are farmers; and they fall between the ages of 15 and 59 years (91%), which indicates that they are relatively young. The key determinants of commercialization among tomato farmers are land productivity and labour productivity. Similarly, the main determinants of commercialization among pineapple smallholder farmers are land productivity and savings. The study recommends that both public and private agencies work should together to facilitate the move of smallholder farmers from mainly subsistence to commercialization because it comes with several benefits, including higher household incomes, and improvements in household food security.
INTRODUCTION
A large literature exists on commercialisation -broadly defined as having greater engagement with markets, either for inputs, outputs, or both -of small, family farms. A key premise of commercialization as a development strategy is that markets provide increased incomes to households who are able to maximize the returns to land and labor through market opportunities, using earned income for household consumption in ways that are more efficient than subsistence production (Timmer, 1997; Pingali, 1997) . Research has shown that smallholder farmers comprise 85% of the farming population worldwide. The Ministry of Food and Agriculture (MoFA) in Ghana estimates that about 80 percent of the country's agricultural output comes from smallholder farmers. In Kenya for instance, 75 percent of national food needs and raw materials are provided by smallholder farmers, yet only 30 percent of them have access to credit facilities and other services to help them increase productivity. Evidence from elsewhere in sub-Saharan Africa indicates the key role of cash crops in driving processes of agricultural intensification and productivity growth through the development of credit facilities and input/output markets (von Braun and Kennedy, 1994; Dorward et al., 1998; and Shepard, 1999) . Govereh et al. (1999) show the importance of institutional arrangements in such market development and the consequences of cash crop development for non-cash crop productivity gains.
The term 'smallholder' usually has embedded in it the connotation of limited land availability. Others sketch a broader view of 'resource-poor' farmers, such as those with limited capital (including animals), fragmented holdings, and limited access to inputs. Chipeta et al (2003) note that the number of animals per farmer or household may be a misleading definition, indicating that resource-poor livestock keepers are a very diverse group. Ghana's Poverty and Social Impact Analysis (PSIA) done in 2004 implicitly makes a similar argument for Ghanaian farmers, stressing that different resource and risk conditions better define smallholders than a simple measure of landholdings. The PSIA identifies eight major types of risks faced by smallholders in Ghana, including production risks, credit risks, income risks, labour and health risks, nutritional risks, price risks, vulnerability to unethical trading practices, and employment risks (Asuming-Brempong et al. 2004) . Others have similarly noted that two farmers with the same farm size, but one producing a high-value crop for the market while the other produces a staple for home consumption, cannot be meaningfully compared (see von Braun, 2005) .
In more conceptualized terms, however, defining smallholders tend not to be a simple exercise. While quantitatively precise definitions are elusive, in looking across a variety of working definitions for Ghana and elsewhere several key themes may be noted, among them are size holding, wealth, market orientation and levels of vulnerability to risk. In general, land holding is perhaps the most direct and easily introduced indicator of who smallholders are. The Ministry of Food and Agriculture (MoFA, 2009 ) maintains that agriculture is predominantly on a smallholder basis in Ghana, and about 90% of farm holdings are less than 2 hectares in size.
PROBLEM STATEMENT AND OBJECTIVES
Ghana has an agrarian economy, and the agricultural sector is predominantly rain-fed. As a result, agricultural production activities have generally been tied to the rainfall patterns from year to year. Irrigated agriculture continues to be used in a rather limited way in Ghana. In 2009 for example, it was estimated that the total area under irrigation was about 29,804 hectares, representing about 0.2% of the total land area; while the area under inland waters was approximately 1.1 million hectares representing 8% of the land area. Furthermore, fertilizer usage in Ghana averaged about 34,000 mt per annum for the decade, and this was one of the lowest in Africa. It was also estimated in the 2000/2001 crop year that fertilizer use was only about 8 kg/ha in Ghana (which has since not changed much), compared to 99 kg/ha in Latin American countries, 109 kg/ha in South Asian countries, and 149 kg/ha in East and South East Asian countries. Because fertilizer use among farmers in Ghana is rather minimal, coupled with the low fertility nature of most soils in the country, agricultural productivity is generally low. Estimates indicate that among the major crops including cocoa, maize and cassava, average yields are about 30 to 50 percent of achievable yields (MoFA-SRID, 2009 ).
The agricultural sector in Ghana is made up of five sub-sectors, namely: (1) cocoa (13%), (2) all other crops beside cocoa (64%), (3) livestock (including poultry) (7%), (4) fisheries (5%), and (5) forestry and logging (11%). Most food crop farms are intercropped, and mixed farming is commonly practiced by smallholders. Mono cropping is mostly associated with commercial farms. There are some large-scale farms and plantations especially for oil palm, rubber and coconut; and to a lesser extent, maize, rice and pineapples. The traditional slash and burn continue to be predominant, particularly across the southern forest belt where trees and stumps hinder mechanization. The low yields for most crops make it such that food crop farmers remain among the poorest groups in Ghana. The adoption of improved technologies among farmers is still low in Ghana and at different levels across the different sub-sectors, except in the case of commercial farms (including non-traditional export crops).
During the last decade in particular, government efforts to improve the agricultural sector has focused primarily on agricultural modernization, which is perceived as a "process of transforming traditional agriculture into a commercially oriented one" Such a transformation involves the use of new technologies and practices that maximise the productivity of both land and labour, and is environmentally friendly. The agricultural modernization process also has implications for the knowledge base of the agents involved, the level of available technology, and the level of infrastructure development as well as the state of service institutions (Asuming-Brempong et al, 2004) . Thus, modernizing agriculture in Ghana seems to also suggest the promotion of commercial agriculture particularly among smallholder farmers who tend to be more subsistence oriented.
In considering the commercialization of smallholder agriculture in Ghana, certain key questions become relevant. For example, (a) Under what conditions may small farms be commercialised? (b) To what extent does commercialisation benefit smallholding households, and does it improve or worsen food security for the household? (c) What is the relationship between commercialisation and the size of land holdings of smallholder farmers, and does commercialization raise risks in the markets for these farmers? The objective of this paper is to address the foregoing questions, among others. In particular, the paper describes the characteristics of smallholder farmers using tomato and pineapple production as a case study; analyses the relationship between commercialization and smallholder land holdings; assesses the determinants of commercialization of smallholder agriculture, as well as the benefits or otherwise of smallholder farmers from commercialization; and discusses how commercialization affects household food security among smallholder farmers.
STUDY AREAS AND DATA SOURCES
Ghana is located in the middle of the West African sub-region and covers an area of 238,540 km 2 with a tropical humid climate. The south has a double maxima rainfall (May-June and September-October) whereas the north has a single long rainy season (June-August). The dry, dusty, Harmattan winds occur from January to March. Agriculture in Ghana largely follows the country's ecological and climatic patterns. The country has three broad ecological zones, which are the forest, forest-savannah transition, and the savannah zones. These broad categories are further sub-divided into the coastal savannah, rainforest, semideciduous forest, forest-savannah transition, Guinea savannah and Sudan savannah (Fig.  1) . The forest zone, comprising the tropical high rain forest and semi-deciduous forest, covers about one-third of the country (8.2 million hectares), and supports about two-thirds of the country's population (World Bank, 1988) . Most of the economic activities of the country are also located here, including activities associated with cocoa, minerals, oil palm, rubber, and timber. The northern savannah zone covers about 66% (15.7 million hectares) of the country's total area. Industrial crops such as cotton and sheanuts, along with food crops such as rice, maize, sorghum, millet and yam are important in the zone. The forestsavannah transition (a blend of the forest and savannah) lies in-between the two zones, and noted for cereals, particularly maize, as well as root and tuber crop production (MoFA-SRID, 2009 ).
The study sample consisted of 300 farmers randomly selected from the study areas. In all, three districts were involved in the study, namely: Techiman Municipality and Kintampo South District in the Brong Ahafo Region (160 respondents), which fall within the transitional zone; and Akuapem South District in the Eastern Region (140 respondents), which also fall within the coastal savannah-forest fringes ( Fig. 2 (Table 2) . That is, these were individual private farmers who did not enjoy any support from government programmes or even local farmer associations. Most of the farmer based groups were found in the Akwapem South District, and the most important project they belonged to was the Millennium Development Account (MIDA) project that provides support for smallholder commercial farmers. The importance of probing into the existence of agricultural projects (either government or non-government) in the study areas was to establish whether commercialization of smallholder farms had been driven largely by such projects and the support they provide. Based on the Focus Group Discussions (FGDs) and Key Informant (KI) interviews, which were conducted in all study communities in the three districts, it was realized that the move towards commercialization had been driven by different facilitating factors for tomato and pineapple production. Whereas commercialization of tomato production has been driven more by tradition (i.e. the crop has traditionally been produced there) and the relative profitability of the crop in the study districts, the commercialization of pineapple production has been greatly influenced by projects, especially when MoFA declared the Akwapim South District a pineapple zone several years earlier. This partially explains why there were only a few farmer associations in Pamdu and Tuobodom but several in Fotobi and Pokrom.
The study used both qualitative and quantitative primary data, which were augmented with relevant secondary data. In all the districts covered by this study, primary data collection followed a multi-stage sampling design. The first stage consisted of a purposive selection of districts noted for tomato and pineapple production respectively, and also reasonably accessible. The second and third stages consisted of a random selection in each case of the communities and households within each community to ensure that each household in the communities had an equal chance of being selected. Household interviews using structured questionnaires were then conducted. In addition, focus group discussions (FGDs) were conducted in each community with about 8 to 10 people in each group, and both males and females well represented. Also, Key Informant (KI) interviews were done with opinion leaders in each community. Relevant secondary data were obtained from the Ghana Statistical Service (GSS) and MoFA at the national/regional and district offices.
METHOD OF ANALYSIS
Data analysis used statistical and econometric approaches. Descriptive statistics including means, standard deviation, correlations and scatter plots, among others, were employed to show the demographic characteristics of the study communities, both in terms of the total sample as well as for tomato and pineapple sub-samples. Regression analysis was used to determine the key factors that influence household decision to undertake commercialization among both tomato and pineapple farmers. Furthermore, correlation analyses were done to show the relationship between commercialization index (computed as the ratio of the value of output sold to total estimated value of farm production) and the value of farm sales as well as land size, and food security and key related variables such as age and education, among others.
RESULTS AND DISCUSSION

Demographic Characteristics
The data is presented first as a total sample of 300 respondents (Table 3) to show their demographic characteristics. The respondents were mostly males forming 91.7%, mostly within the age of 15 to 59 years (91%). An overwhelming number of the Household heads who were married fell into the category of monogamy (74%). The singles among the respondents were just 10%. One significant finding from the data is the large number of respondents that can both read and write. They formed 71% of the total sample. However, the levels of education were mostly around first cycle with JCE/BECE qualification. As expected, 96.3% of the respondents were farmers. It should be noted that farmers in the study districts grow tomato and pineapple which are mainly grown for cash, and in addition several food crops both for cash and subsistence. Besides livestock which farmers in the study districts keep, the major other crops grown by tomato farmers in the two districts include maize, cassava, yam, cocoyam, groundnuts and vegetables. In the Akwapim South district, pineapple farmers also grow mainly maize, cassava, plantain and vegetables, and some tree crops such as citrus and oil palm.
A closer look at the data revealed that the farm incomes reported by some respondents were either too low or too high (annual farm incomes ranged between a low GH₵12 to a high GH₵100,000). These outliers were therefore identified and removed from the data before further analysis were done to avoid the bias that such outliers could introduce into the analysis. Table 4 shows the descriptive statistics for the whole sample. An index of commercialization was computed for the entire sample. This measures the ratio of output sold in the 2010 growing seasons evaluated at their market prices to the value of the output harvested whether sold or not sold. The average commercialization index was 0.64 with standard deviation of 0.17, implying that in general farm households sold more than 50 percent of their output.
Descriptive Statistics of the Total Sample
Commercialization Index
Farm Income
Overall, the estimated average income of the respondents from all economic activities was about 636 dollars with standard deviation of 679 dollars. The income was estimated using the farm and non-farm incomes in the 2010 farming season, and were estimated for all the farmers involved in the study. 
Value of Crop Production (US$)
The entire crop produced for the 2010 season was valued at the average market prices in the local currency (Ghana Cedis), and using the nominal exchange rate of the Cedi to the Dollar (i.e. GHC1.45 to US$1.00 in 2010). The average value of crop production sales was $488 with standard deviation of $579.
Salaried job (e.g. police, school, teacher, etc) Some of the respondents were both partly farmers and partly working in a salaried job. In the total population, these were only 22 (i.e. 1.6%), and the average income they earned from these salaried jobs was $1,500 with a standard deviation of $1,327. 
Irrigated land Used by Farmers (ha)
This refers to the amount of land that was under formal irrigation during the crop season. The study showed that no land in all the study communities was under formal irrigation. However, hand irrigation and pump irrigation are both practiced in both communities by farmers who have their lands near sources of water and are also able to afford the irrigation pump and other equipment. Information from the FGDs and KI interviews revealed that during certain periods of the year, some farmers convey water to their tomato and pineapple farms by head loads and trucks and store in large tanks and other containers for irrigation. Tables 5 and 6 show the descriptive statistics for Brong Ahafo Region and Eastern Region respectively. Comparing the values between the two regions, it was observed that the mean values are higher among Brong-Ahafo farmers than Eastern region farmers. However, in terms of education, the average number of years in school by the Eastern region farmers is higher than the years of schooling of farmers in Brong-Ahafo region. The large standard deviation among the pineapple growers shows that the mean values are not evenly or closely dispersed among farmers.
Descriptive Statistics Based on the Two Study Regions
Between the tomato growers and non-tomato growers the mean values were higher in commercialization index, total income, value of sales of crops, salary, business, labour and land productivity among tomato growers. However, the average land size used by non tomato growers was higher (i.e. 1.87 ha) as compared to 1.44 ha of tomato growers (see tables 7 and 8). In the Eastern region, between the pineapple growers and non pineapple growers the mean values were higher in the commercialization index, total income, land size, value of sales of crops, salary, business, labour and land productivity among pineapple growers. However, there was no female household head cultivating pineapple but majority of the female household heads are cultivating other crops (see tables 9 and 10). 
Correlation Analysis of Key Variables
In order to demonstrate the relationship between commercialization and the value of farm sales as well as land holdings by farmers, correlation analysis and related scatter plots were done for each region. [The respective scatter diagrams are available upon request].
The correlation between the value of farm sales and land size in the Brong-Ahafo region is significant and positively related (r=0.217). In the Brong-Ahafo region, total labour use is positively related to value of sales which conforms to the sign expected but not significant, whiles fertilizer use is negatively related (did not conform to sign expected) to value of sale and also not significant (see table 11 ).
The relationship between the value of farm sales in the Eastern region was positive for fertilizer use, land size and total labour use, which was the only significant variable with r = 0.228 (see table 12 ).
The correlation between commercialization index and land size as well as fertizer use in the Brong-Ahafo region were not significant and negatively related which did not conform to expectation. Also, farm income and total labour use are positively related to commercialization but only farm income is significant (see table 13 ).
In the Eastern Region, the correlation between commercialization index and farm income, land size, fertilizer use and total labour use are positively related but not significant (see table 14 ). Figure 2 and Figure 3 present the commercialization status of both tomato producing and pineapple producing households, as well as the cash incomes realized by smallholder households in the study communities. The data suggest that the adoption of commercialization by households, as well as earning cash income from commercialization were higher among tomato producers. For example, among the tomato farmers average cash income increased with farm size while in the case of pineapple farmers, farmers who cultivated plots larger than 4 hectares seem not to enjoy higher incomes probably because of greater challenges in managing larger farms and uncertainty on the part of farmers with marketing their produce. 
Determinants of Commercialization -Regression Results
In order to establish the determinants of smallholder commercialization of tomato and pineapple farming in the communities studied, a regression analysis was conducted in each case. The value of tomatoes or pineapples sold is used in this analysis as a proxy for the extent of commercialization by smallholder farmers.
The regression results for sampled tomato growers in the Brong Ahafo region with value of tomatoes sold in dollars as the dependent variable is presented in Table 15 . About 68 percent of the total variations in the value of sales of tomatoes sold is explained by land productivity (value of crop in US$/ha) and labour productivity (value of crops in US$/labour days). A one percent change in land productivity and labour productivity results in a 0.70 and 0.15 percent increase in the value of tomato sales respectively. (see table 15 ). While d can assume values between 0 and 4, values around 2 indicate no auto-correlation. As a rule of thumb values of 1.5 < d < 2.5 show that there is no autocorrelation in the data.
The variance inflation factor (VIF) method was used in measuring the level of collinearity between regressors in the regression result for tomato growers with value of tomato sold. There are two forms of the variance inflation factor (centered and uncentered). The centered VIF is the ratio of the variance from a coefficient estimate from an equation with only that regressors and a constant. From the centered variance inflation factor, multicollinearity is low since the VIF values is less than 5. The "augmented regression approach" was used to control for endogeneity of the determinants of smallholder tomato commercialization in the model. The "augmented regression approach" involves two stages, at the first stage; exogenous variables that explain tomato commercialization are regressed on the index of tomato commercialization.
Variance Inflation Factors
The residuals for the model are retrieved from the model. In the second stage, the residuals are used as instrument together with the determinants as exogenous variables using the value of tomato sold as the dependent variable. Since the coefficient on the residual is statistically different from zero we conclude that ordinary least square is consistent in estimation.
The probability of the observed R-squared value in the output from the white heteroskedasticity test (0.20) for tomato growers represents that it will be incorrect if the null hypothesis of no heteroskedasticity is rejected.
White Heteroskedasticity Test:
F-statistic 1.292150 Probability 0.180046 Obs*R-squared 39.50890 Probability 0.201925
In the case of pineapple producers, Table 16 represents the regression results for sampled pineapple growers in the Eastern Region with value of pineapples sold in dollars as the dependent variable. About 70 percent of the total variations in the value of sales of pineapple growers is explained by land productivity (value of crop in US$/ha) and savings. The value of pineapples sold is expected to increase by 0.16 percent and 0.77 percent when there is a one percent change in land productivity and savings respectively. The DurbinWatson statistics indicates that there is no autocorrelation since the value of 1.82 lies between the values of 1.5 < d < 2.5 which shows that there is no auto-correlation in the data.
The variance inflation factor (VIF) method was used in measuring the level of collinearity between regressors in the regression result for pineapple growers. From the centered variance inflation factor, multicollinearity is low since the VIF values is less than 5.
Similar to the tomato model, endogeneity was controlled through the "augmented regression approach" for the determinants of smallholder pineapple commercialization. Two stages are involved in the "augmented regression approach". The first stage; exogenous variables that explain pineapple commercialization are regressed on the index of pineapple commercialization. The residuals for the model are retrieved from the model. In the second stage, the residuals are used as instrument together with the determinants as exogenous variables using the value of pineapple sold as the dependent variable. Since the coefficient on the residual is statistically different from zero, we conclude that ordinary least square is consistent in estimation. The probability of the observed R-squared value in the output from the white heteroskedasticity test (0.22) for pineapple growers represents that it will be incorrect if the null hypothesis of no heteroskedasticity is rejected.
F-statistic 1.407365 Probability 0.218434 Obs*R-squared 15.45734 Probability 0.217373
Relation between Commercialization and Food Security
Commercialization and the Area under Food Crops
Using the area under food crops as a proxy for food security of the household, a correlation analysis was conducted to investigate the relationship between commercialization and food security. A low correlation value of 0.039 (table 17) indicates that there is a positive relationship between commercialization index (CI) and area under food crops which is not significant. This means that commercialization and area under food crops are independent.
Commercialization and Food Production per Adult Equivalent
The adult equivalent was measured as the number of adults in a household, using a caloriebased scale from the 10 th Edition of the National Research Council's Recommended Dietary Allowances (Washington D.C.: National Academy Press, 1989), Ghana. Measuring household size in equivalent adults recognises, for example, that the consumption requirements of babies or young children are less than those of adults (see Appendix I). The scale is based on age and gender specific calorie requirements (Ghana Statistical Service, 2007) . The relationship between commercialization and food production per adult equivalent is negative, and the correlation value is -0.129 and significant (the value of 0.029 is less than 0.05 (table 17) ).
Commercialization and Food Consumption Scores
Based on the calorie-based scale (see Appendix II), the calorie intake of sampled households range between 0.74 to 8.49 on the equivalent scale as shown in Table 18 . There is a positive relationship between commercialization and food consumption score per household (see table 17) but not significant (r = 0.031, p = 0.605). Further analysis of the survey data shows that most farmers producing tomato or pineapple on commercial basis are self-sufficient in food and therefore food secure throughout the year (Figures 4 and 5) . For example, 77% of tomato farmers indicated they are food self-sufficient while 62% of pineapple farmers indicated the same. This suggests that commercialization has not negatively affected the food security status of smallholder farmers. 
CONCLUSIONS AND RECOMMENDATIONS
The paper focuses on the determinants of small holder commercialization of tomato and pineapple production in Ghana. It describes the characteristics of smallholder tomato and pineapple farmers in the study communities; analyses the relationship between commercialization and smallholder land holdings; assesses the determinants of commercialization of smallholder agriculture, as well as the benefits or otherwise of smallholder farmers from commercialization; and discusses how commercialization affects household food security among smallholder farmers. A structured questionnaire was used to collect primary data from the study communities, and descriptive statistics, correlations as well as regression analysis employed to analyse the data.
As expected, 96.3% of the respondents in the study communities were farmers; and they fell between the ages of 15 and 59 years (91%), which indicates that they were relatively young. The key determinants of commercialization among tomato farmers are land productivity and labour productivity. On the other hand, the main determinants of commercialization among pineapple smallholder farmers are land productivity and savings The study also finds that in general commercialization and area under food crops as well as food consumption per adult equivalent are positively related, but negatively related to food production per adult equivalent. Moreover, most smallholders reported being food secure throughout the year with commercialization, which shows that commercialization is beneficial to them.
The study recommends that both public and private agencies should work together to facilitate the move of smallholder farmers from mainly subsistence to commercialization because it comes with several benefits, including higher household incomes, and improvements in household food security. This can be achieved partly through both public and private investments in land and labour productivity, as well as improvements in post harvest activities such as processing that will help stabilize commodity prices and thus the income of farmers. Moreover, there should be the targeting of specific commodities such as tomato and pineapple to promote into commercialization because of the high potentials such commodities provide the farmer to increase their incomes and general welfare.
